INTRODUCTION
In the last few years, there has been a large proliferation in the popularity of small and compact wireless communication devices like smart phones and tablets. This coupled with the arrival of new communications standards such as LTE and WiMAX, has put tremendous pressure on antenna engineers to develop miniature printed antennas supporting different wireless communication standards. Multiband and wideband antennas have been presented and discussed widely in various studies [1] [2] [3] [4] [5] . However these antennas require stringent filtering in order to differentiate between various bands of interest. Other issues like volume constraints, combined with important metrics like radiation efficiency makes antenna design challenging and daunting.
Frequency reconfigurable antennas could provide a solution to the challenges associated with multiband and wideband antennas [6] . Frequency reconfigurable antennas can be switched or tuned to operate in different communication bands The major advantage of this technique is that it provides pre-filtering, thus relaxing some of the constraints on the system's filter design. [7] . However the challenges associated with frequency reconfigurable antennas is that they may need a number of active components on the antenna to achieve the reconfiguration which may lead to an increase in the complexity and power consumption. Achieving switching or tuning across the bands with a minimum number of active components is desirable. Some of the main requirements of frequency reconfigurable antennas for such devices are miniaturization, low profile and excellent radiation characteristics.
With this motivation, we present a conventional λ/4 printed monopole reconfigurable antenna which is modified into meander lines in order to save volume on the substrate and making it more compact. The proposed antenna operates in 4 distinct wireless communication bands, namely WLAN, LTE, WiMAX and HiperLAN with use of only 2 switches. The antenna in question is a low profile, miniature design that could be easily integrated to portable devices such as laptops and tablet computers. 
PRINCIPLE OF OPERATION
The antenna is simulated numerically and optimised using a full-wave electromagnetic simulator, CST Microwave Studio2010 [8] . The proposed antenna operates in 3 modes with use of 2 switches. The operating frequencies corresponding to the 3 modes are given in TABLE II. The switch affects the current path resulting in change of the electrical length of the antenna. The equivalent antenna with surface current distributions in all 3 modes of operation is shown in the Figure 2 When only Sw 2 is ON, the antenna equates to a T-shaped monopole of approximately λ/4 wavelength (L S +L 1 ). Of all three modes, this structure has the shortest electrical path length and so it resonates at the higher frequency band around 5.2GHz, covering HiperLAN as can be seen in 0, the current is maximum on the T-section with minor coupling to the parasitic top element. The simulated S 11 results given in Figure 5 show the resonant frequencies of the 3 modes. As indicated on the graph, the match is better than -10dB for all the covered frequency bands. Simulated results of peak gain and radiation efficiency are presented in TABLE III. The 3-D radiation patterns are also shown in Figure 6 -8. Corresponding to the 3 modes of operation at 5.2 GHz, 3.4GHz and 2.4GHz respectively. The radiation pattern for all the 3 modes is a doughnut shape expected from a printed monopole antenna. 
CONCLUSION
The proposed antenna is a variation of a conventional λ/4 printed monopole antenna which is folded into meander lines. Engaging the switches, the length of the antenna can be changed resulting in 4 different operating bands covering WLAN, LTE, WiMAX and HiperLAN. The reconfigurable nature of the antenna provides pre-filtering, thus relaxing some of the constraints on the system's filter design. The gain and radiation efficiency of the antenna is almost same in all modes of operation. Since the antenna is of a compact volume it can be easily slotted into the screens of laptops and tablet computers.
VI.
FUTURE WORK
Future work is targeted to fabricate the prototype and incorporate practical switches on the antenna. The use of optically controlled microwave switches [9] and PIN diodes can be investigated. Another aspect of future work will be concentrated on performing electromagnetic visibility studies (EVS) in order to optimize the location and position of antenna on laptop and tablet screens.
